Abstract expressionist paintings reveal the neural systems involved in processing color and luminance: an fMRI study by Zajac, Lauren
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2014
Abstract expressionist paintings
reveal the neural systems involved
in processing color and luminance:
an fMRI study
https://hdl.handle.net/2144/14335
Boston University
BOSTON UNIVERSITY 
SCHOOL OF MEDICINE 
 
 
 
 
Thesis 
 
ABSTRACT EXPRESSIONIST PAINTINGS REVEAL THE NEURAL SYSTEMS 
INVOLVED IN THE PROCESSING OF COLOR AND LUMINANCE: AN FMRI 
STUDY 
 
by 
 
LAUREN ELIZABETH ZAJAC 
B.S., Boston College, 2011 
 
 
Submitted in partial fulfillment of the 
requirements for the degree of 
Master of Science 
2014
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© 2014 
  Lauren Elizabeth Zajac 
All rights reserved
  
 
Approved by 
 
 
 
 
 
First Reader _________________________________________________________ 
 Ronald J. Killiany, Ph.D. 
 Associate Professor of Anatomy & Neurobiology 
 
 
Second Reader _________________________________________________________ 
 R. Jarrett Rushmore III, Ph.D. 
 Assistant Professor of Anatomy & Neurobiology 
 
  
  
 
 
 
 
 
“Color... thinks by itself, independently of the object it clothes” -Charles Baudelaire
  
 
v 
ACKNOWLEDGEMENTS 
I want to thank everyone who has encouraged both my desire to create and my wish to 
combine the worlds of Art and Science.  Thank you to those who let me image their 
brains – you have helped me learn about the brain and create a body of work.  Thank you 
to those who have listened to my stream of consciousness, especially throughout the past 
two years – you have helped me develop my ideas.  Thank you to those at the Boston 
University School of Medicine who let me explore my ideas and offered necessary advice 
on how to do so – you have made me very happy!  I truly appreciate everyone who has 
played a role in this work. 
  
 
vi 
ABSTRACT EXPRESSIONIST PAINTINGS REVEAL THE NEURAL SYSTEMS 
INVOLVED IN THE PROCESSING OF COLOR AND LUMINANCE: AN FMRI 
STUDY 
LAUREN ELIZABETH ZAJAC 
 
 
ABSTRACT 
In this study, we use paintings that canonically and/or visually belong to the 
Abstract Expressionist movement to study how the brain processes different forms of 
color and luminance.  Subjects viewed 240 unique images in the experiment in a block 
design.  All of the paintings used in the experiment were painted by the artists in color.  
Half of the 240 images were three styles of painting in their original (saturated) forms, 
and the other half were desaturated versions of the same paintings.  In our analysis, we 
compared saturated Abstract Expressionist paintings to their desaturated counterparts – 
both as a group and within the Gesture and Color Field styles.  We also compared the 
desaturated Gesture paintings to their saturated counterparts because many of the Gesture 
painters created work with little to no color.  Through these contrasts, we show that 
different regions in the brain process color and luminance.  Notably, we show that (1) the 
brain processes color in the Gesture and Color Field paintings differently (2) color is 
capable of producing significant activation in the amygdala and (3) the color and 
luminance in the Gesture paintings produce strikingly different patterns of significant 
activation. 
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INTRODUCTION 
Painting is a dynamic process consisting of constant interaction between the 
canvas and the artist’s brain.  The process of creating a painting and judging when the 
painting is complete is a highly complex and subjective one.  In this process, the painter’s 
eyes – extensions of her brain – communicate with the piece of artwork as its shape 
evolves to represent what the brain is creating.  When the painter decides the piece of 
artwork is complete, her brain lets her know, consciously or unconsciously, that she has 
effectively visually communicated a desired visual sensation, idea, or emotion in her 
painting.  The coordination of the painter’s decisions and movements that result in a 
painting originate in the brain even though we often describe them as originating in the 
gut. 
Artists construct paintings through manipulating color and luminance, which lead 
to the human perceptions of color and brightness.  Color depends on the wavelengths 
reflected from an object and the wavelengths reflected from areas surrounding the object.  
Color stimuli activate the short (S), middle (M), and long (L) wavelength cones 
differently, and these differences are computed in the cortex to give humans the 
perception of color.  Luminance relates to the human perception of brightness (on a scale 
from black to white).  Luminance-only stimuli are perceived as achromatic variations in 
brightness and activate all three cone types with equal probability.  Cells in the visual 
pathway sum the input from the L and M cones to give humans this perception of 
brightness (Gegenfurtner, 2003).  Both color and brightness are visual sensations created 
by the brain and are more than the visual activation of the eye by the viewed object.  In 
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the early stages of the visual system, cellular responses to color and luminance are carried 
through three separate channels (two for color and one for luminance) and communicate 
different information in the brain (Livingstone and Hubel 1987; Livingstone and Hubel, 
1988).  Luminance contrast plays a major role in the perception of space and depth while 
the precise role of human color vision is not as clear, though many theories have been 
suggested (Conway, 2012; Tanaka et al., 2001; Gegenfurtner and Rieger, 2000).  Many 
functional imaging studies have investigated color in relation to objects or scenes 
(Bramão et al., 2010; Tanaka and Presnell, 1999; Gegenfurtner and Rieger, 2000; Cavina-
Pratesi et al., 2010), but few to none have investigated color in the aesthetic realm.  We 
are interested in how the brain processes color that has an aesthetic function.  In this 
study, we use non-representational paintings that visually and/or traditionally fit into the 
genre of Abstract Expressionism to explore the neural processing of color and luminance 
contrast in paintings. 
In the mid-20th century in the United States, the Abstract Expressionist 
movement was born.  Artists who created work that fit into the Abstract Expressionist 
movement painted beyond representation.  As their name implies, the artists used color, 
brushstroke, and composition – the elements of painting – to create abstracted or non-
recognizable images.  There were two major branches of painting contained in this 
movement: Gesture Painting and Color Field Painting (Paul, 2007; Breslin, 1993).  The 
Gesture painters were interested in putting an event on the canvas, and they used both 
color and luminance contrast to explore this.  In contrast, the Color Field painters were 
interested in the emotional quality of color, and they painted large fields of color with 
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minimal luminance variation.  We understand that the artists whose work can be 
described as Abstract Expressionist had different individual goals and intentions.  
Furthermore, many of these artists resisted art critics’ attempts to categorize them into a 
movement.  Regardless of this, two distinct visual styles emerged during this period that 
continued to influence artists even after the movement slowed down.  In creating these 
new visual entities, these painters explored perception, which offers a window that can be 
used to understand the way the brain works.  In the past 15 years, a trend has emerged in 
neuroscience in which investigators view artwork as stimuli that have the potential to 
teach us about how the brain works (Zeki, 1999; Livingstone, 2002; Conway, 2012; 
Fairhall and Ishai, 2007).  If we view artists as experimenters in visual perception, 
paintings become tools that can be used to probe the brain and enhance our understanding 
of the complex workings of the visual system. 
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Figure 1: Examples of Painting Styles Used as Stimuli.  (Top Left) Rendition of 
Blueberry Eyes (1959-1960) by Franz Kline.  This is an example of a saturated Gesture 
painting used as a stimulus.  (Top Right) Rendition of Orange and Yellow (1956) by 
Mark Rothko.  This is an example of a saturated Color Field painting used as a stimulus.  
(Bottom) Rendition of a painting in the style of Franz Kline as an example of a Gesture 
painting intentionally created by the artist without color.  The images in this figure were 
created by hand with the Doodle Buddy app for iPhone, however the images used in the 
experiment were images of the paintings themselves. 
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MATERIALS AND METHODS 
Subjects 
Fifteen subjects (10 female, 5 male) with an average age of 27.5 years 
participated in the study.  All had normal color vision and normal or corrected-to-normal 
vision.  All subjects gave informed consent. 
Stimuli 
The stimuli consisted of three styles of paintings in both their original (saturated) 
and desaturated forms.  We use saturated, or chromatic, to mean color and desaturated, or 
achromatic, to mean grayscale.  The styles of the paintings we used were styles in which 
color is a central expressive element.  The artists of these works did not use color as a 
tool to help the viewer recognize an object or scene; they instead used color as a mode of 
expression.  The three styles we chose visually and/or traditionally belong to the genres 
of Fauvism or Abstract Expressionism (Gesture Painting and Color Field Painting).  The 
relation of the visual characteristics of the paintings to each genre was important because 
we wanted to test how the brain processes color in different expressive forms.  Thus, 
paintings by artists who painted just prior to or after the years of these movements were 
included if they had a visual similarity to the paintings that canonically belong to the 
movement.  We only include the Abstract Expressionist paintings in the following 
analyses because we were interested in the neural processing of color in abstract 
paintings.  Without the inclusion of a control of realistically-colored paintings of 
landscapes, the Fauvist paintings do not fit in with the analyses we discuss in this paper. 
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The Gesture and Color Field paintings represent expressive color in abstract, or 
unrecognizable form.  We can view these paintings as a human, aesthetic exploration of 
color.  The visual difference between the Gesture and Color Field works lies in their form 
(see Figure 1).  The Gesture paintings contain hard edges, lines of many different 
orientations, and edges created by both luminance and color contrast.  The Color Field 
paintings contain soft edges, large, undisrupted fields of color, and gradual luminance 
and color variations.  The Color Field paintings contain primarily low spatial frequencies 
when compared to the Gesture paintings, which contain high spatial frequencies.  It is 
important to note that color was essential to the Color Field painters, but was not essential 
to the Gesture painters – many of whom painted without color. 
 The images of the paintings we used were obtained from the Internet.  All the 
chosen paintings were painted by the artists in color.  We chose them based on their 
visual similarity to canonical examples of paintings from each genre.  Paintings by 
Jackson Pollock and Willem De Kooning were considered “ideal” Gesture paintings.  
The following criteria were used in choosing the Gesture stimuli: no recognizable 
objects, expressive lines and brushstrokes, all-over composition, minimal use of pure 
black or white, and painted roughly between 1940 and 1980.  Other works used included 
paintings by Gerhard Richter, Sam Francis, and Franz Kline.  Artists who are canonical 
examples of Color Field painters are Mark Rothko, Barnett Newman, and Clyfford Still.  
The following criteria were used in choosing the Color Field stimuli: large swaths of 
color, no recognizable objects, minimal use of line and texture, all-over composition, 
minimal areas of pure black or white, and painted roughly between 1940 and 1980.  
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Other works used included paintings by Helen Frankenthaler, Esteban Vincente, and 
Josef Albers.  Artists who are canonical examples of Fauvist painters are André Derain 
and Maurice de Vlaminck.  The following criteria were used in choosing the Fauvist 
stimuli: saturated and bright colors are used, the colors are not realistic to the scene 
depicted in the painting, recognizable scenes such as landscapes and cityscapes are 
present, and the work was painted roughly between 1850 and 1930.  Other works used 
included paintings by Henri Matisse, Wassily Kandinsky, and Vincent Van Gogh.  Forty 
paintings from each genre were chosen. 
 Because we wanted to investigate the neural processing of color in artwork, we 
showed subjects the paintings both in their original, saturated forms and desaturated 
forms.  This was necessary because the desaturated forms were needed to isolate the 
effect of color from luminance.  The saturated stimuli contained both color and 
luminance information, and the desaturated stimuli contained only luminance 
information.  Thus, the contrast of saturated paintings > desaturated paintings was 
capable of isolating regions of the brain that were more significantly active in response to 
the color in the paintings than the luminance contrast.  The reverse contrast of desaturated 
paintings > saturated paintings was capable of isolating the effect of luminance contrast 
from color in the paintings.  This contrast is only relevant if the artists created similar 
paintings with color and without color.  For this reason, we performed this contrast for 
the Gesture paintings only. 
The images were batch desaturated using Adobe Photoshop CS6.  This brought 
the total number of stimuli to 240: 40 paintings of three different styles in saturated and 
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desaturated forms.  There were six types of stimuli used: (1) saturated Gesture (2) 
desaturated Gesture (3) saturated Color Field (4) desaturated Color Field (5) saturated 
Fauvist (6) desaturated Fauvist.  Only the Gesture paintings and Color Field paintings 
were used in the analyses discussed below. 
 All images were rectangular.  The images were resized so that the vertical edges 
of every image were 500 pixels.  The aspect ratio was locked, thus the horizontal edge 
length varied for each painting while the vertical edge length was constant at 500 pixels.  
All images were in the JPEG format and were presented in the center of the screen on a 
white background.  They were generated by a Dell computer running Windows XP using 
SuperLab version 4.5.  The images appeared on a screen in the scanner room and subjects 
viewed the images in a mirror mounted on the headcoil at 45o degrees that was 40 inches 
from the screen. 
 Prior to the experiment, we told subjects they would be viewing three styles of 
paintings.  We instructed them to view the artwork as if they were looking at it in a 
museum or gallery, rather than as images on a screen.  We also instructed them to look at 
the color, form, and style of the works – in essence, anything in the work that interested 
them.  As each work appeared on the screen, subjects answered the question: “Am I 
paying attention to this image?” via a button box in the scanner.  This question was used 
as a way to keep subjects actively looking at each stimulus, and we informed them of the 
question’s purpose.  Lastly, we showed subjects a shortened sample of one run of the 
experiment.  We did this to give subjects an idea of the type of stimuli they would be 
viewing because we anticipated that the styles of painting we used would be unfamiliar to 
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some subjects.  The three styles of painting used in the example run were the same three 
styles used in the experiment, but none of the paintings used in the example run were 
used in the experiment. 
 All six types of stimuli – the three painting styles in saturated and desaturated 
forms – were shown in each run in a block design.  Figure 2 shows the structure of each 
run.  Saturated and desaturated blocks were interspersed as well as style blocks.  Subjects 
viewed each painting in its saturated and desaturated form once in the experiment (i.e. no 
images were repeated).  Each run contained six image blocks and six rest blocks, and 
each image block contained ten images from the same stimulus type.  One painting was 
shown per TR, which resulted in each painting being shown consecutively for 2 seconds.  
During the rest blocks, subjects viewed a gray cross centered on a black screen.  Subjects 
answered yes or no to the attention question for each image through a button box in the 
scanner.  Ten paintings were shown per condition block, making condition and rest 
blocks 20 seconds each and each run 4 minutes long.  There were 4 runs total, which 
resulted in 480 dynamics collected per subject.  All subjects viewed the same paradigm 
with images and blocks in the same order. 
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Figure 2: Paradigm Structure.  Block design used in each run of the experiment.  (A) 
represents saturated Gesture paintings, (B) represents desaturated Color Field paintings, 
(C) represents saturated Fauvist paintings, (D) represents desaturated Gesture paintings, 
(E) represents saturated Color Field paintings, (F) represents desaturated Fauvist 
paintings, and (R) represents rest. 
 
Image Acquisition 
Functional images were acquired on a Philips Achieva 3T scanner using version 
3.2.1.1 of the software and an 8-channel phased array headcoil.  Blood oxygenation level-
dependent (BOLD) contrast was achieved through using a gradient echo-planar T2* 
weighted imaging sequence (TR = 2000 ms, TE = 28 ms, EPI factor = 47).  The images 
contained 36 axial slices and each slice was 64 x 64 pixels.  The voxel size was 3 mm x 3 
mm x 3 mm.  T1-weighted structural images were obtained in the same session along 
with a brief EPI sequence acquired with oblique slices to ensure the integrity of right and 
left throughout image format conversion.  All images were converted to FSL-NIfTI 
format prior to our model-based analysis and the integrity of left and right for each 
subject was confirmed. 
Analysis 
The images were analyzed using FSL 4.1.1 with the FMRI Expert Analysis Tool 
(FEAT) v5.98 (Smith et al., 2004; Woolrich et al., 2009; Jenkinson et al., 2012).  FSL’s 
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general linear model was used to model each subject’s BOLD response to each 
explanatory variable (EV).  The FEAT parameters we used in our first level analyses are 
listed in Table 1.  The data from all 15 subjects were co-registered to MNI space and our 
regions of significant activation were determined through using the Harvard-Oxford 
Structural Atlas included with FSL (Makris et al., 2006; Frazier et al., 2005; Desikan et 
al., 2006; Goldstein et al., 2007).  In our second and third level analyses, we used cluster 
thresholding with a Z threshold of 2.3 and a cluster p threshold of 0.05.  We used a fixed 
effects model for these analyses. 
 
Parameter Used Value (if applicable) 
Miscellaneous  
Brain Background Threshold 10% 
Data  
High Pass Filter Cutoff 80 seconds 
Pre-Stats  
Motion Correction MCFLIRT 
BET Brain Extraction  
Spatial Smoothing FWHM 6 mm 
Highpass Temporal Filtering  
Stats  
FILM Prewhitening  
Full Model Setup  
Custom EV Shape  
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Convolution Gaussian 
Phase  0 seconds 
Sigma 2.8 seconds 
Peak Lag 5 seconds 
Temporal Derivative Added  
Temporal Filtering Applied  
Post-Stats  
Cluster Thresholding  
Z Threshold 2.3 
Cluster p Threshold 0.05 
Registration  
Linear, Standard Space, Normal Search 12 DOF 
Atlas MNI 152, T1, 2 mm 
         Table 1: FSL FEAT Parameters 
 
Figures 2 and 3 show the structure of each run.  We used a block design in which 
each block contained either 10 saturated or 10 desaturated images of one style of painting 
(see Figure 3 for a representation with images).  In Figures 2 and 3, we use letters to 
designate stimulus type to simplify the figures and the discussion of the contrasts we 
performed.  In Figures 2 and 3: “R” represents rest blocks, “A” represents saturated 
Gesture paintings, “B” represents desaturated Color Field paintings, “C” represents 
saturated Fauvist paintings, “D” represents desaturated Gesture paintings, “E” represents 
saturated Color Field paintings, and “F” represents desaturated Fauvist paintings. 
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Figure 3: Paradigm Structure (with Images).  Block design used in each run.  
Examples of the stimulus type are shown above each block.  Each block contained 10 
different paintings of the same style and stimulus type.  Each rest block and image block 
was 20 seconds long. (A) represents saturated Gesture paintings, (B) represents 
desaturated Color Field paintings, (C) represents saturated Fauvist paintings, (D) 
represents desaturated Gesture paintings, (E) represents saturated Color Field paintings, 
(F) represents desaturated Fauvist paintings, and (R) represents rest. 
 
We performed the following first level analyses for each subject: (1) saturated 
abstract versus rest (A+E versus R) (2) desaturated abstract versus rest (B+D versus R) 
(3) saturated Gesture versus rest (A versus R) (4) desaturated Gesture versus rest (D 
versus R) (5) saturated Color Field versus rest (E versus R) (6) desaturated Color Field 
versus rest (B versus R). 
Our second level analysis consisted of the following comparisons for each 
subject: (1) saturated abstract versus desaturated abstract (A+E versus B+D) (2) saturated 
Gesture versus desaturated Gesture (A versus D) (3) desaturated Gesture versus saturated 
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Gesture (D versus A) (4) saturated Color Field versus desaturated Color Field (E versus 
B).   
Our third level analysis was the single group average of each of the second level 
contrasts from all 15 subjects. 
We performed saturated > desaturated contrasts for the abstract paintings as a 
group and for the Gesture and Color Field paintings separately in order to isolate regions 
of the brain more significantly active when processing color information versus 
luminance information.  Because the Gesture painters did not consider color absolutely 
necessary to their work, and many painted without color (for examples see Painting 
(1948) by Willem de Kooning and Turin (1960) by Franz Kline), we performed the 
desaturated Gesture > saturated Gesture contrast.  We do not include the results from the 
equivalent contrast for the Color Field paintings because these artists considered color 
central to their work and there are few to no paintings of this style that do not contain 
color.  A contrast revealing regions that are significantly active in response to the 
luminance-only versions of the Color Field paintings as a group are irrelevant because 
these artists did not produce this type of work.  Similarly, the desaturated abstract > 
saturated abstract contrast is also irrelevant. 
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RESULTS 
A summary of the strongly activated regions can be found in Table 2.  We report 
all regions of activation below, but due to the large number of regions strongly activated 
by our paradigm, we do not include regions with minimal or patchy activation in Table 2 
or in our discussion. 
 
Brain Region Talaraich 
Coordinates 
(x, y, z) 
MNI 
Coordinates 
(mm) 
Z-score 
saturated abstract > desaturated 
abstract 
   
Right Occipital Fusiform Gyrus (V4) (32, -76, -18) (29, 25, 27) 6.46 
Left Occipital Fusiform Gyrus (V4) (-30, -80, -16) (60, 23, 28) 4.64 
Right Temporal Occipital Fusiform 
Gyrus (V4a) 
(30, -52, -14) (30, 37, 29) 6.57 
Left Temporal Occipital Fusiform 
Gyrus (V4a) 
(-28, -54, -18) (59, 36, 27) 6.42 
Right Hippocampus (30, -20, -18) (30, 53, 27) 3.59 
Left Hippocampus (-30, -12, -20) (60, 57, 26) 3.58 
Right Amygdala (24, -8, -14) (33, 59, 29) 4.54 
Left Amygdala (-18, -4, -18) (54, 61, 27) 3.59 
Right Frontal Medial Cortex/Frontal 
Pole 
(2, 50, -14) (44, 88, 29) 3.58 
Left Frontal Medial Cortex/Frontal 
 Pole 
(-4, -50, -14) (47, 88, 29) 3.59 
saturated Gesture > desaturated 
Gesture 
   
Right Occipital Pole (20, -98, 0) (35, 14, 36) 6.68 
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Left Occipital Pole (-12, -104, 0) (51, 11, 36) 6.62 
Right Occipital Fusiform Gyrus (V4) (32, -76, -18) (29, 25, 27) 5.59 
Left Occipital Fusiform Gyrus (V4) (-30, -80, -16) (60, 23, 28) 3.72 
Frontal Medial Cortex (0, 52, -16) (45, 89, 28) 3.52 
Medial Frontal Pole (-4, 60, -14) (47, 93, 29) 4.67 
Anterior Cingulate (0, 38, -4) (45, 82, 34) 3.57 
saturated Color Field > desaturated 
Color Field 
   
Frontal Medial Cortex (0, 52, -14) (45, 89, 29) 3.37 
Right Occipital Fusiform Gyrus (V4) (32, -76, -18) (29, 25, 27) 5.18 
Left Occipital Fusiform Gyrus (V4) (-30, -80, -16) (60, 23, 28) 4.40 
Right Temporal Occipital Fusiform 
Gyrus (V4a) 
(30, -52, -14) (30, 37, 29) 6.14 
Left Temporal Occipital Fusiform 
Gyrus (V4a) 
(-28, -54, -18) (59, 36, 27) 6.00 
Right Hippocampus (30, -20, -18) (30, 53, 27) 4.32 
Left Hippocampus (-30, -22, -16) (60, 52, 28) 4.31 
Right Amygdala (22, -6, -16) (34, 60, 28) 4.31 
Left Amygdala (-16, -4, -18) (53, 61, 27) 2.59 
desaturated Gesture > saturated 
Gesture 
   
Right Middle Posterior Temporal 
Gyrus 
(66, -18, -14) (12, 54, 29) 4.92 
Left Superior Temporal Gyrus (-66, -26, 4) (78, 50, 38) 4.16 
Left Lingual Gyrus (-8, -78, -2) (49, 24, 35) 5.68 
Right Lingual Gyrus (10, -76, -6) (40, 25, 33) 4.12 
Left Inferior LOC (-48, -80, 0) (69, 23, 36) 4.93 
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Right Angular Gyrus (58, -52, 34) (16, 37, 53) 3.40 
Right Superior Parietal Lobule (38, -52, 62) (26, 37, 67) 3.33 
Left Superior Parietal Lobule (-36, -44, 56) (63, 41, 64) 3.38 
Right Frontal Pole (36, 50, 18) (27, 88, 45) 4.16 
Right Caudate (14, 4, 16) (38, 65, 44) 4.9 
Right Putamen (24, 6, 2) (33, 66, 37) 2.63 
Right Precentral Gyrus (62, 4, 30) (14, 65, 51) 3.37 
Left Precentral Gyrus (-58, -2, 36) (74, 62, 54) 3.39 
Right Postcentral Gyrus (64, -14, 32) (13, 56, 52) 3.32 
Left Postcentral Gyrus (-64, -14, 24) (77, 56, 48) 4.18 
 
Table 2: Significantly Activated Regions Selected from each Contrast. In this table 
we only include areas with salient activation that are localized with a high probability to 
the given anatomical area.  The coordinates were chosen by hand and correspond to a 
central location in the activated region with a relatively high Z score that closely matched 
the voxels around it. 
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Comparison of the Saturated Abstract Expressionist Paintings versus Desaturated 
Abstract Expressionist Paintings 
 
The saturated abstract > desaturated abstract contrast showed activations located 
throughout the fusiform gyrus (Figure 4), in some subcortical structures, and in the 
ventral prefrontal cortex.  The areas with significant activation included the bilateral 
occipital fusiform gyri, bilateral temporal occipital fusiform gyri, bilateral temporal 
fusiform cortices, bilateral parahippocampal gyri, precuneus, bilateral frontal medial 
cortex, left orbitofrontal cortex, anterior cingulate, bilateral hippocampus, bilateral 
amygdala, and the bilateral thalamus.  The area activated in the occipital fusiform gyrus 
corresponds to the region V4 (or VO or hV4), as defined by Zeki and others with fMRI 
(McKeefry and Zeki, 1997; Beauchamp et al., 1999; Bartels and Zeki, 2000; Wade et al., 
2002; Mullen et al., 2007). 
 
Figure 4: Saturated Abstract > Desaturated Abstract. Selected slices (A: z = -16, B: z 
= -10) from the saturated abstract > desaturated abstract contrast.
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Comparison of Gesture and Color Field Saturated Paintings to Their Desaturated 
Counterparts 
 
The activations produced by the saturated Gesture > desaturated Gesture contrast 
shown in Figure 5 were located in the bilateral occipital poles, the bilateral occipital 
fusiform gyrus, the medial frontal cortex, left orbitofrontal cortex, anterior 
cingulate/paracingulate gyrus, and the left frontal pole. 
 
Figure 5: Saturated Gesture > Desaturated Gesture. Selected slices (A: z = -16, B: z = 
-4) from the saturated Gesture > desaturated Gesture contrast. 
 
The activations produced by the saturated Color Field > desaturated Color Field 
contrast shown in Figure 6 included regions in the left temporal pole, bilateral posterior 
temporal fusiform cortices (greater on the right), left parahippocampal gyrus, bilateral 
hippocampus, bilateral amygdala, bilateral temporal occipital fusiform gyri, bilateral 
occipital fusiform gyri, the frontal medial cortex, and the medial frontal pole.  These 
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regions extend from the occipital fusiform gyri anteriorly throughout the medial temporal 
lobe and into the temporal fusiform cortices and left temporal pole.  This lies in contrast 
to the regions produced by the saturated Gesture > desaturated Gesture contrast, which do 
not extend into the temporal lobe at all. 
 
 
Figure 6: Saturated Color Field > Desaturated Color Field. Selected slices (A: z = -
16, B: z = -10) from the saturated Color Field > desaturated Color Field contrast. 
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Desaturated Gesture Paintings 
 
There were many more significantly activated regions produced by the 
desaturated Gesture > saturated Gesture contrast than by the reverse contrast.  These 
regions, shown in Figure 7, were generally localized in the occipital, parietal, and lateral 
temporal lobes.  No significant activation was present in the ventral frontal lobes.  
Significant activation was located in the bilateral middle posterior temporal gyri (right 
much greater than left), left superior temporal gyrus, left planum polare, bilateral lingual 
gyri, left cuneal cortex, left inferior and superior lateral occipital cortex (LOC) (inferior 
much greater than superior), right angular gyrus, bilateral superior parietal lobules, right 
frontal pole, right caudate, right putamen, bilateral precentral gyri, and bilateral 
postcentral gyri. 
 
Figure 7: Desaturated Gesture > Saturated Gesture. Selected slices (A: z = 16, B: z = 
4) from the desaturated Gesture > saturated Gesture contrast. 
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DISCUSSION 
 
In this discussion, we will not discuss every activated region reported in the 
results at length because certain regions of activation were more dominant than others. 
Through developing painting styles, artists explore perception, specifically visual 
perception, and attempt to isolate different facets of visual perception.  The Gesture 
painters and the Color Field painters produced stylistically different work in the same 
time period within the broader Abstract Expressionist movement but had different 
aesthetic goals in mind.  For the most part, Gesture painters, like Jackson Pollock, did not 
produce work that resembled the work of Color Field painters, like Mark Rothko, and 
vice versa.   
In the Gesture paintings and Color Field paintings used as stimuli, the artists used 
color in two different forms to express, rather than represent.  We set out to see if the 
brain would process the color in these two abstract painting styles differently and to 
elucidate the neural perception of color in these painting styles.  We believe that painters’ 
use of color as an expressive tool holds information about the aesthetics of color and the 
way color is processed in the brain.  Our data seems to support this because the 
intentional differences in the way these artists used color are reflected in the different 
patterns of significant BOLD activation generated in response to the color in each style.  
This is of interest because little is known about the neural perception of aesthetic color, 
and our data reveal brain regions that significantly respond to the color in these paintings.  
The Gesture painters and Color Field painters used different visual structures to express 
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themselves, and our data supports the notion that the brain perceives these visual 
structures – specifically these visual structures of color – differently. 
Comparison of the Saturated Abstract Expressionist Paintings versus Desaturated 
Abstract Expressionist Paintings 
 
We first compared the saturated Abstract Expressionist paintings to their 
desaturated counterparts, without separating them based on style.  This contrast shows the 
pattern of neural activation in response to color, as compared to luminance, in this set of 
abstract paintings.  
The saturated > desaturated contrast showed activation mostly throughout the 
inferior occipital and temporal lobes that extended into select subcortical structures and 
the ventromedial frontal lobe (see Figure 4).  All of the activations were bilateral.  The 
activated regions included the occipital fusiform gyri, temporal occipital fusiform gyri, 
temporal fusiform cortices, hippocampus, amygdala, and frontal medial cortex.  The 
temporal occipital fusiform gyri and temporal fusiform cortices are visual association 
areas and are part of the ventral visual stream (Haxby et al., 1991; Ungerleider and 
Haxby, 1994; James et al., 2003).  The two-stream hypothesis of visual processing 
describes a system where visual information is processed in a ventral or a dorsal stream 
depending on its content.  The ventral occipital lobe and inferior temporal lobe (the 
ventral stream) process information relating to objects and their identities and the dorsal 
occipital lobe and parietal lobe (dorsal stream) process information relating to space, 
depth, and the locations of objects.  Generally speaking, the ventral visual stream is 
thought to be responsible for processing color information and for the human perception 
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of hue.  The dorsal visual stream, while it receives color information, is much less 
sensitive to color, much more sensitive to luminance contrast, and does not likely 
contribute to the perception of hue (Gegenfurtner and Hawken, 1996; Vaina, 1994; 
Livingstone, 2002; Ffytche et al., 1995; Conway et al., 2013; Gregory, 1977; Thiele et al., 
2001).  The set of activations we see in the ventral visual stream in this contrast is in 
accord with this model.  As one moves anteriorly through visual processing and 
association areas, the receptive fields of the cells become larger and the processing of 
each cell becomes more specific (Grill-Spector and Malach, 2004; Altmann et al., 2004). 
For this reason, it is likely that the activation in the temporal fusiform cortices represents 
more complex visual computations with more associations than the activation in the 
occipital fusiform gyri. 
In the ventral occipital and inferior temporal lobes, there were two distinct peaks 
of activation in each hemisphere.  Peaks of activation in these regions have been reported 
in many studies relating to human color vision (McKeefry and Zeki, 1997; Zeki and 
Marini, 1998; Zeki and Bartels, 2000; Hadjikhani et al. 2008; Beauchamp et al., 1999; 
Wade et al., 2002; Brewer et al., 2005).  The peak of activation in the occipital fusiform 
gyrus is the area known as V4, as defined by Zeki with fMRI (McKeefry and Zeki, 1997; 
Zeki and Marini, 1998; Zeki and Bartels, 2000).  Wade et al. (2002) defined this area 
with fMRI and called it VO (human ventral occipital cortex), and Brewer et al. (2005) 
called it hV4.  In this discussion, we will refer to this area of activation as V4.  V4 is 
considered a major color computing center in the brain in which processing that is 
necessary to human color perception and color constancy occurs.  However, V4’s exact 
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role in the computations that result in human color perception and whether it is a region 
exclusive for color processing are debated (Bartels and Zeki, 2000; Hadjikhani et al. 
1998; Roe et al., 2012).  Our peaks of activation in this region in the left and right 
hemisphere are identical to the peaks reported by Zeki (1997, 1999, 2000).  VO, reported 
by Mullen et al. (2007), is identical to our peak of activation in the right hemisphere and 
within our region of activation in the left hemisphere.  Bartels and Zeki (2000) argue that 
this region is part of the “color center” of the human brain, meaning that it is necessary to 
the computational processes that allow humans to perceive color.  Mullen et al. (2007) 
describe this region as one that prefers chromatic (or saturated) stimuli over achromatic 
(or desaturated) stimuli.  Though the region’s exclusivity for color processing is debated, 
it is clear that saturated stimuli, when compared to desaturated stimuli, preferentially 
activate this region. 
The second major peak of activation in this contrast is anterior to V4 in the 
temporal occipital fusiform gyrus and is another area that has been shown, both in 
humans and non-human primates, to be necessary to color vision.  Cells in this region 
have been shown to have hue-specificity and large receptive fields (Murphey et al., 2008; 
Conway et al., 2007; Roe et al., 2012).  For these reasons, it is believed that surface color 
and surface-object integration occurs in this area.  Our peak of activation is identical to 
the region Zeki calls V4α (Zeki and Bartels, 1999; Zeki and Bartels, 2000), the hue-
responsive region described in Murphey et al. (2008), and the region called VO-2 in 
Brewer et al. (2005).  In our discussion, we will refer to this region as V4a.  Lesions 
involving V4 and/or V4α can result in achromatopsia, which is the loss of color vision 
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(Zeki, 1990; Bartels and Zeki 2000; Damasio, 1980; Meadows, 1979; Vaina, 1994).  It is 
important to note that achromatopsia caused by lesions that include either region are 
usually accompanied by other visual deficits in form perception and object recognition 
(Zeki, 1990; Vaina, 1994; Miceli et al., 2001).  It is unlikely that there is just one 
localized color center in the human brain because a cluster of areas located close to one 
another in the ventral occipitotemporal cortex (V4, V8, VO, V4α, VO-1, VO-2) have 
been demonstrated to be significantly more responsive to color stimuli than achromatic 
stimuli.  Additionally, many cells in the visual system are capable of responding to color, 
color contrast, and luminance contrast in different proportions (Shapley and Hawken, 
2011).  Thus, it is currently difficult to say whether these regions in the human brain are 
solely involved in processing color.  However, it is clear that they are important to the 
ability to perceive, experience, and use color information because of their preferential 
response to color stimuli and the deficits in color perception that occur when these 
regions are damaged. 
Several paradigms are capable of producing significant activation in V4 and V4α. 
 Mullen et al. (2007) used sine wave gratings to isolate VO, and their stimuli were 
designed to selectively activate the L/M-cone-opponent, S-cone-opponent, or luminance 
pathways.  The pathways they targeted with these stimuli carry necessary inputs to color 
computations that allow humans to perceive color, but this cone-opponent information 
alone does not produce unique color sensations (hues) such as red or blue.  When color-
opponent mechanisms are paired with these cone-opponent mechanisms, hue perception 
can occur.  Notably, this paradigm did not show activation in V4α, though it is possible 
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that that region of the temporal lobe was outside the field of view (Mullen et al., 2007).  
McKeefry and Zeki (1997) and Bartels and Zeki (2000) used Mondrian stimuli, which are 
images composed of rectangles of various colors and luminances.  In several 
experiments, subjects were shown chromatic Mondrians, achromatic Mondrians, and 
Mondrians under different illumination conditions in order to isolate regions that are 
involved in color constancy.  In Zeki and Marini (1998), subjects viewed color 
photographs.  All of these stimuli produced activation in both V4 and V4α.  Very similar 
results were obtained by Beauchamp et al. (1999) when they attempted to reproduce 
Zeki’s results using Mondrian stimuli.  In Brewer et al.’s (2005) study, they used 
traveling wave stimuli and arrays of colored blocks and luminance-only blocks (very 
similar to Mondrians) to assess regions selective for color processing.  Regions hV4 and 
VO-2 reported in this study fall within the same region of activation as our V4 and V4α  
activation, respectively.  In contrast to all of these studies, our stimuli were saturated 
paintings that we specifically asked subjects to view as artwork.  Our stimuli produced 
peaks of activation that correspond to VO, reported by Mullen et al. (2007), to V4 and 
V4α, reported by Zeki (1997, 1998, 1999, 2000), and hV4 and VO-2, reported by Brewer 
et al. (2005).  We expected to see activation in these regions in this contrast based on the 
literature. 
The saturated abstract > desaturated abstract contrast also produced significant 
activation in the frontal medial cortex that extended into the medial frontal pole and 
anterior cingulate (Figure 4).  It is important to keep in mind that the color in these works 
– not the luminance – significantly activated these regions.  These regions are well 
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connected to subcortical structures (activation discussed below) and visual areas 
including V1/V2 and visual association areas throughout the ventral temporal lobe 
(Rudrauf et al., 2008; Vuilleumier et al., 2004; Amaral et al., 2003).  The anterior 
cingulate is a region implicated in evaluating the cognitive and emotional salience of 
stimuli (for review see Bush et al., 2000).  The ventral region of the anterior cingulate 
was active in this contrast, which has been implicated in emotion and emotional 
processing (rather than cognitive or salience-related processing) (Bush et al., 2000; Vogt 
et al., 1992; Drevets and Raichle, 1998; Whalen et al., 1998; Bartra et al., 2013).  
However, most of the activation in the frontal cortex in this contrast was localized in the 
frontal medial cortex.  The frontal medial cortex, also known as the ventromedial 
prefrontal cortex (VMPFC), is implicated in the experience of subjective emotion, the 
regulation of emotional states, and “the affective significance or subjective value of 
stimuli” (D’Argembeau, 2013; Winecoff et al, 2013; Etkin et al., 2011).  Generally 
speaking, the VMPFC is a region shown to be involved in the conscious awareness of 
emotional responses to external stimuli (Kawasaki et al., 2001; Etkin et al., 2011).  The 
VMPFC is also well connected to structures in the medial temporal lobe such as the 
amygdala and the hippocampus, and is considered an affective region of the brain.  We 
acknowledge that it is an oversimplification to view cortical regions of the brain as solely 
affective or cognitive because affective and cognitive regions regularly, and necessarily, 
interact and modulate one another (see Pessoa, 2008 for review).  Furthermore, many 
brain regions have affective and cognitive subdivisions.  Regardless, it remains true that 
certain brain regions are strongly associated with either affect or cognition, and this is the 
  
 
29 
case with the ventromedial prefrontal cortex and its greater association with affect.  The 
activation in this region most likely represents self-referential, emotion-related processes 
related to the color in the paintings.  These thoughts could result from the attempt of 
subjects to find personal meaning in the abstract works while viewing them.  This 
activation could also reflect subjects’ awareness of their emotions in response to the color 
in the paintings.  Yet another possibility is that subjects valued the saturated versions of 
the paintings more than the desaturated versions.  BOLD signal in the significantly active 
region of the VMPFC in this contrast has been shown to increase with subjective value 
(i.e. if a subject values the stimuli in Group 1 and does not value the stimuli in Group 2, a 
contrast of Group 1 > Group 2 would produce significant activation in the VMPFC while 
the reverse contrast would not) (Bartra et al, 2013).  Anatomically, the activation in the 
VMPFC makes sense because we used paintings to activate visual areas, whose 
activation engaged subcortical structures, which engaged affective regions of the frontal 
lobe.  The VMPFC was significantly active in both the saturated Gesture > desaturated 
Gesture and saturated Color Field > desaturated Color Field contrasts. 
There was robust activation in the hippocampus in this contrast.  Hippocampal 
activation in color perception has been reported in studies that investigate the role of 
color in object perception, scene and object recognition, and object imagery (Zeki and 
Marini, 1998; Howard et al., 1998; Gegenfurtner et al., 2000; Bramão et al., 2010).  
However, in this study, we report hippocampal activation in response to color that is 
dissociated from recognizable objects and scenes.  Because neither the Gesture nor the 
Color Field paintings contain recognizable content, the reason for significant activation in 
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the hippocampus in this contrast is unclear.  One possibility is that subjects tried to 
recognize forms, objects, or scenes within the abstract paintings.  If this was the case, 
colors may have functioned as visual cues for form recognition.  Another possibility is 
that subjects viewed the paintings as objects.  In viewing the paintings as objects (as 
opposed to viewing objects within the paintings) subjects could have been comparing the 
use of color in these paintings to their prior visual experiences of color in paintings.  In 
this process, they would have been adding to their visual memory of what color in 
paintings looks like.  This process of expanding one’s conception of a painting would 
likely involve the hippocampus. 
Lastly, the activation in the amygdala seen in this contrast is, to our knowledge, 
the first demonstration of the emotional, arousing, and expressive quality of color.  The 
Color Field painters considered their use of color essential to the expressive ability of 
their paintings.  Removing the color from these paintings makes them less visually 
arousing.  Humans have communicated emotions and ideas through visual means for 
hundreds of years.  Different colors can evoke different emotions or moods and this 
concept is supported by our finding of significant amygdala activation.  Other functional 
studies of color processing (discussed above) that compare chromatic and achromatic 
stimuli do not produce significant amygdala activation.  This is likely related to paradigm 
and stimuli differences between those studies and our study.  Our paradigm was similar 
to certain paradigms used in research on color perception in that we contrasted saturated 
and desaturated versions of the same images.  The aspect of our paradigm that was 
fundamentally different was our use of paintings as stimuli.  Specifically, we used 
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paintings that aim to express rather than accurately depict and that use color aesthetically.  
The colors in these paintings have the ability to communicate moods and emotions, and 
the amygdala plays a role in this communication. 
 
Comparison of Gesture and Color Field Saturated Paintings to Their Desaturated 
Counterparts 
 
We compared the saturated Gesture and Color Field paintings to their desaturated 
counterparts because color takes different forms in these abstract painting styles.  The 
artists who painted each style had different objectives and used different visual structures 
to achieve these objectives.  The visual difference between the Gesture and Color Field 
paintings is rooted in their form and composition.  There are few edges in the Color Field 
paintings, and the edges that are present are soft.  In contrast, the Gesture works contain 
many hard edges, lines, and visual brushstrokes.  The brushstrokes in the Gesture works 
tend to break up the surface of the paintings while the soft edges in the Color Field works 
tend to create continuous surfaces in the paintings.  The Gesture paintings contain a lot of 
color edge and luminance edge information, and the Color Field paintings contain 
primarily color surface information (because the luminance changes in these works are 
generally diffuse).  It is important to keep these structural differences in mind in the 
following discussion, as well as the fact that artists’ use of color and luminance is 
intentional.  Through comparing the saturated form of each style to the desaturated form 
of each style, we isolated the regions of the brain that are more significantly active in 
response to color than to luminance and questioned how color and form intersect in the 
neural perception of each style.  Note that we are not able to detect regions with cells that 
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respond fairly equally to color and luminance due to the subtraction method used in our 
data analysis. 
To fully appreciate the results of the following contrasts, it is necessary to briefly 
discuss the visual system and the cells that are part of it.  In sufficient lighting, the L, M, 
and S cones in the retina absorb light composed of wavelengths in the visible range from 
one’s surroundings.  This signal is transferred to bipolar cells and then to retinal ganglion 
cells that generate neural signals, or action potentials, in response to this absorption.  
These neural signals travel to the lateral geniculate nucleus (LGN) and then to V1, which 
is referred to as the primary visual cortex because it is the first cortical area in which 
signals from the retina are processed.  Single-cell recordings in the primary visual cortex 
of non-human primates show that the cell population of V1 can be broken down into 
three general categories (see Gegenfurtner, 2003 and Shapley and Hawken, 2011 for 
review).  The first type, which is about 60% of the cells in macaque V1 (Johnson et al., 
2001; Solomon and Lennie, 2005), are cells that respond more strongly to luminance 
contrast than color contrast.  Most of these cells are edge-selective and orientation-
selective, meaning they selectively respond to achromatic bars of light of a particular 
orientation over other orientations.  These cells are important in the perception of edges 
defined by luminance.  The second type, which is about 29% of the cells in V1, are cells 
that respond roughly equally to luminance contrast and color contrast and most are 
orientation-selective (Johnson et al., 2008; Friedman et al., 2003; Solomon and Lennie 
2005; Leventhal et al., 1995).  These cells are called double-opponent cells (De Valois, 
1965; Thorell et al., 1984; Livingstone and Hubel, 1984; Livingstone and Hubel, 1987; 
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Johnson et al., 2001) because they are both cone-opponent and spatially-opponent.  This 
means the cells are excited by one cone signal, inhibited by another, and are spatially 
encoded in a center-surround configuration.  Most of these cells are also orientation-
selective.  The existence of these cells means that humans can use both color and 
luminance to detect edges and forms.  Most edges in the natural world are created by both 
luminance and color, thus the existence of these cells is not surprising.  The spatial 
selectivity and cone-opponency of these cells allows humans to discern color boundaries 
(including those that do not differ greatly in luminance).  Notably, these two edge-
selective cell types respond weakly to low spatial frequencies and strongly to higher 
spatial frequencies around 3 cy/deg (Schluppeck and Engel, 2002; Johnson et al., 2001; 
Johnson et al.; 2008; Thorell et al.; 1984).  This property suggests these cells could lay 
the foundation for the perception of color and luminance contrast, but they do not allow 
humans to perceive colored surfaces.  This leads to the third type of cell, which responds 
strongly to color stimuli, weakly to luminance-only stimuli, is weakly orientation-
selective, and responds strongly to low spatial frequencies (0.7 cy/deg and below).  These 
cells are about 11% of the cells in V1 and are known as single-opponent cells (Shapley 
and Hawken, 2011; Livingstone and Hubel 1984; Johnson et al., 2001; Johnson et al., 
2008; Friedman et al., 2003; Schluppeck and Engel, 2002).  These cells are excited by 
one cone signal and inhibited by another, similar to the double-opponent cells.  However, 
they are called single-opponent cells because they have weak surrounds, meaning they do 
not have spatial opponency and do not contribute to the perception of color edges or 
boundaries.  These cells give humans the ability to discern a large number of hues and 
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respond well to surfaces, areas, or fields of color due to their sensitivity to low spatial 
frequencies.  The responses from the cells in V1 do not correlate with the human 
perception of color space (Brouwer and Heeger, 2009), though they do allow humans to 
differentiate surfaces based on wavelength.  From V1, the signals from the single- and 
double-opponent cells are sent to V2 (where there is evidence of cellular responses that 
match hue perception) and eventually to more anterior regions where the signals are 
further processed.  In later stages of the visual stream, the receptive fields of cells become 
larger and processing becomes more specific, allowing humans to perceive color and 
form.   
The cell types described in the previous paragraph lay the foundation that allows 
humans to perceive a variety of visual features created with color and luminance.  
Knowing that these cell types exist and that they play different roles in visual perception 
illuminates the potential that the structural differences between the Gesture and Color 
Field paintings have to reveal information about the visual system.  Additionally, it is 
unlikely that the artists who created the paintings we used in this study knew about these 
cell types.  Thus, the artists’ general adherence to either the Gesture or the Color Field 
style implies that the cell types described above are part of different subsystems of visual 
perception of which humans are aware.  In the subsequent paragraphs, we will draw 
connections between the function of these cell types, the visual structure of the Gesture 
and Color Field paintings, and the significant BOLD activation produced by each 
contrast. 
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The Gesture painters’ process was focused on putting an event on canvas rather 
than a scene.  They created paintings that contain many edges created by color and 
luminance contrast and high spatial frequencies.  The saturated Gesture > desaturated 
Gesture contrast showed activation in the caudal-most region of the occipital poles that 
extended anteriorly into the right occipital fusiform gyrus and slightly into the left.  The 
active regions in the occipital lobe correspond to V1 (primary visual cortex), V2, and V4.  
The size and exact boundaries of V1 and V2 are extremely variable from person to 
person (Dougherty et al., 2003), thus we are referring to the general location of these 
areas in this discussion. 
The Gesture paintings are surfaces containing edges of many orientations created 
by differences in color and luminance.  The edges in the Gesture paintings do not create 
forms.  Instead, they break up continuous surfaces of luminance and color.  Color gives 
redundant information about the edges in these paintings because most of the edges are 
also defined by luminance.  For this reason, color does not add much structural 
information to the paintings.  The form that color takes in the Gesture paintings strongly 
activates the caudal-most region of the occipital poles that corresponds to the foveal 
confluence – a region where the foveal representations of V1, V2, and V3 meet.  It is 
likely that the cells in this region of the visual cortex are double-opponent cells that 
respond to color edges and high spatial frequencies (which describe the Gesture paintings 
as a category).  As stated earlier, many cells in V1 respond to both color and luminance, 
and the nature of our design is such that groups of cells that respond equally to color and 
luminance would not show up in the analysis.  Though many cells respond to both, they 
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lie on a continuum of responsiveness.  The active area likely contains cells that respond 
strongly to color contrast, weakly to luminance contrast, and are edge and orientation 
selective.  Downstream of V1, these cells play a role in form perception, object 
definition, and ultimately scene and object recognition.  The color edges in the Gesture 
paintings do not create forms, objects, or delineate continuous surfaces.  Thus, regions 
containing cells with larger receptive fields and more specific processing in, and anterior 
to, the visual cortex are not significantly active in this contrast.  The color edges disrupt 
the surfaces of these paintings, making it difficult for the brain to perceive continuous 
surfaces in them.  This explains why areas that are implicated in the processing of 
surfaces (Zeki and Bartels, 1999; Cavina-Pratesi et al., 2010; Puce et al., 1996) – such as 
V4a and the lingual gyrus – are not significantly active.  Taken together, the structure of 
the Gesture paintings and the structure of the visual cortex explain the concentrated 
region of activation in the posterior occipital lobe in the saturated Gesture > desaturated 
Gesture contrast. 
Though most of the cells in V1 respond weakly to color stimuli (60%), it has been 
shown with fMRI that V1, as a region, is more strongly activated by color stimuli than 
achromatic stimuli (Engel et al., 1997; Wade et al., 2002; Shapley and Hawken, 2011; 
Beauchamp et al., 1999; Brewer et al., 2005).  We see this strong activation in response 
to the color in the paintings in the region of the occipital poles that corresponds to the 
foveal confluence, which describes the central 2° of the visual field.  This is interesting 
because chromatic sensitivity is highest in the fovea.  Specifically, chromatic sensitivity 
is 6-8 times greater in the fovea than luminance sensitivity (Mullen, 1991).  With 
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increasing distance from the fovea, chromatic sensitivity decreases sharply (Mullen, 
1991; Stromeyer et al., 1992).  The fovea is specialized for the detection of color edges, 
and this specialization is reflected in the large foveal representation in the cortex.  
Perhaps V1 is more strongly activated by color stimuli as opposed to achromatic stimuli 
because of the large foveal representation in V1.  The color, as opposed to the luminance, 
in the Gesture paintings significantly activates the region of the primary visual cortex 
responsible for processing signals carrying color information from the fovea. 
The peak of activation in right and left V4 described in the discussion of the 
saturated abstract > desaturated abstract contrast is also present in this contrast.  This 
makes sense because this region is sensitive to all the color stimuli we used, regardless of 
the visual form of the stimuli.  The area of activation in V4 in this contrast is much 
smaller than in the saturated abstract > desaturated abstract contrast.  The smaller size of 
this peak is possibly the result of the lack of continuous lines and boundaries of color in 
these paintings. 
In contrast to the Gesture painters, color was a principal part of the Color Field 
painters’ expression.  Their paintings show an exploration of the expressive potential of 
fields, or continuous surfaces, of color.  The saturated Color Field > desaturated Color 
Field contrast showed different regions of activation than the saturated Gesture > 
desaturated Gesture contrast, even though they are both abstract painting styles within the 
same general movement.  The Color Field painters were specifically interested in 
exploring the emotional effects of color.  To do this, the painters used edges sparingly to 
create open fields of color.  Most of the edges present in these paintings are soft, meaning 
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the paintings have low spatial frequencies.  We believe that the Color Field painters 
constructed their paintings in a way that optimizes the viewer’s perception of color and 
isolates color’s aesthetic quality.  Roughly 11% of the cells in area V1 respond strongly 
to color and weakly to luminance-only stimuli.  These cells, which are single-opponent 
cells, have weak surrounds.  This means they are poorly edge- and orientation-selective 
and respond more strongly to fields of color than to colored edges or lines.  The single-
opponent cells have been described as preferring low spatial frequencies (Livingstone 
and Hubel, 1984; Johnson et al., 2001; Schluppeck and Engel, 2002; Solomon and 
Lennie, 2005), which correlates with the structure of Color Field paintings.  
The saturated Color Field > desaturated Color Field contrast did not show any 
significant activation in V1/V2.  This makes sense because V1 and V2 have a high 
population of cells with a center-surround receptive field configuration, meaning they 
respond very well to edges.  As described earlier, the Color Field paintings do not have 
many color-defined or luminance-defined edges.  The blood-flow resulting from the 
activity of single-opponent cells in V1 is likely too low to be seen in fMRI data with the 
resolution we used because the population of these cells in V1 is low (11%).  The first 
area in the visual cortex in which activation was present was in V4.  The area of V4 
significantly active in this contrast is the same as in the equivalent Gesture contrast, but it 
covers a larger area.  V4α was also significantly active in this contrast.  V4α has been 
described as an area where colors are associated with and connected to objects (Brewer et 
al. 2005; Zeki and Marini, 1998; Zeki and Bartels, 1999).  It is also a region that has been 
shown to be active in response to hues that match the human perception of color 
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(Murphey et al., 2008).  For colors to be associated with objects, they must be associated 
with surfaces.  Based on our data, we believe that V4α is primarily involved in 
processing colored surfaces as opposed to colored edges or lines.  We believe that the 
signals from the single-opponent cells in V1 that respond primarily to color “fields”, as 
opposed to color edges, are heavily involved in this process, even though we cannot see 
the product of their activity in V1 through fMRI.  Interestingly, these single-opponent, 
“color field” cells respond poorly to luminance changes and luminance edges 
(Livingstone and Hubel 1984; Johnson et al., 2001; Solomon and Lennie, 2005; Shapley 
and Hawken, 2011), which are sparse in the Color Field paintings.  The single-opponent 
cells and double-opponent cells in V1 and V2 have different connections to V4 and V4α 
because they carry different classes of visual information, which are integrated into 
perception differently.  These differences are evident in our data.  The two types of color-
sensitive cells in V1 correspond to the structural differences between the Color Field 
paintings and Gesture paintings. 
Both the saturated Gesture > desaturated Gesture and saturated Color Field > 
desaturated Color Field contrasts showed activation in the frontal lobe that was primarily 
located in the VMPFC.  The activation in this region in each contrast overlaps with the 
activation seen in the saturated abstract > desaturated abstract contrast.  The prominent 
activation in the VMPFC in all three saturated > desaturated contrasts suggest that the 
color in these forms of painting elicits a subjective emotional response.  The paintings, as 
a group, are visually foreign and this could induce emotional conflict in the viewer.  
Subjects’ lack of familiarity with the content of the paintings could also cause them to 
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pay closer attention to the emotions they feel in response to viewing the paintings.  These 
thought processes would likely involve the VMFPC.  Additionally, the saturated Gesture 
> desaturated Gesture contrast showed a larger region of activation in the ventral anterior 
cingulate than the saturated abstract > desaturated abstract contrast.  In the saturated 
Color Field > desaturated Color Field contrast, the activation in this region of the ventral 
anterior cingulate was much smaller and almost non-existent. 
There was strong, bilateral activation in the hippocampus in the saturated Color 
Field > desaturated Color Field contrast.  It is unclear why the hippocampus would be 
significantly active in this contrast and not in the equivalent Gesture contrast.  Both 
painting styles are completely abstract and do not contain recognizable forms.  It is 
possible that the low-frequency spatial structure and the greater presence of undisrupted 
areas within the Color Field paintings made it possible for subjects to perceive whole 
forms and attempt to recognize some.  The spatial structure of color in the paintings 
makes them more susceptible to memory encoding than the spatial structure of the color 
in the Gesture paintings. 
The bilateral activation of the amygdala in the saturated Color Field > desaturated 
Color Field contrast leads us to believe that the Color Field painters instinctively 
structured their paintings to maximize the emotional potential of color.  Through visual 
experimentation, they targeted the cells and networks of cells in the brain that compute 
the color of surfaces.  It appears that this system has a strong arousing effect due to the 
bilateral activation of the amygdala in this contrast (see Figure 6).  Perhaps the cells that 
allow humans to perceive fields of color, as opposed to color boundaries, lead to a more 
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intense perception of hue in the viewer.  The bilateral amygdala activation is striking, 
with a Z score up to 4.3 in the right amygdala and 3.4 in the left amygdala.  This 
activation was not present in the saturated Gesture > desaturated Gesture contrast and is a 
clear demonstration of the emotional power of color. 
It is remarkable that the single-opponent cells and double-opponent cells in V1 
that lay the foundation for the cortical processing of color epitomize the main visual 
difference between the Gesture and Color Field paintings.  It is even more remarkable 
that the color in the Color Field paintings produces such strong significant activation in 
the amygdala.  The Gesture and Color Field painters seem to have structured their 
paintings to induce either a large response from the color/luminance-sensitive (double-
opponent) and luminance-sensitive (non-opponent) cells or a large response from the 
color-sensitive (single-opponent) cells in V1.  These groups of cells have different 
connections in the cortex, and the difference in their connections is illustrated in the 
results of the contrasts we have described above.  Our results present a fascinating 
demonstration of the power of perception in discovering properties of the brain.  By 
having particular aesthetic and conceptual goals in mind, both schools of painters 
targeted different aspects of the visual system to achieve their goals. 
Desaturated Gesture Paintings 
Because the Gesture painters worked with and without color and used both color 
and luminance contrast in their paintings, we were interested to see the regions of the 
brain that were significantly active in response to the luminance information in the 
Gesture paintings.  For this reason, we performed the reverse contrast (i.e. desaturated > 
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saturated) for the Gesture paintings.  It can be assumed that Gesture painters did not 
regard color as absolutely necessary to their work because many Gesture painters 
produced work that barely contained any color.  We do not include the results from the 
equivalent contrast for the Color Field paintings because the Color Field painters 
considered color central to their work.  Additionally, there are few to no paintings of this 
style that do not contain color.  Thus, a contrast revealing regions that are significantly 
active in response to the luminance-only versions of the Color Field paintings is 
irrelevant because these artists did not produce this type of work. 
The desaturated Gesture > saturated Gesture contrast showed a vastly different set 
of activated regions compared to the reverse contrast.  In the occipital lobe, the activation 
was localized to the intracalcarine and supracalcarine cortices, lingual gyri, and left 
lateral occipital cortex (LOC) (Figure 7).  This activation pattern lies in stark contrast to 
the significant activation in the saturated Gesture > desaturated Gesture contrast, which 
was localized to the caudal-most region of the occipital poles.  Through single-cell 
recordings in non-human primates, it was estimated that 60% of the cells in the primary 
visual cortex (intracalcarine cortex) are much more sensitive to luminance than color and 
are orientation selective.  Perhaps the active regions within the intracalcarine cortex in 
this contrast, which are anterior to the active regions in the reverse contrast, represent 
regions with high concentrations of these luminance-preferring cells. 
In this contrast, the significantly active region in the intracalcarine cortex 
corresponds to the cortical representation of parafoveal and peripheral vision.  As 
discussed earlier, the caudal-most region of the occipital poles corresponds to foveal 
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vision, which is more sensitive to color than luminance.  Color sensitivity decreases more 
sharply than luminance sensitivity with distance from the fovea (Mullen, 1991; Mullen et 
al., 2007).  This decrease in chromatic sensitivity in parafoveal and peripheral vision is 
reflected in the desaturated Gesture > saturated Gesture contrast.  The luminance contrast 
in these paintings, as compared to the color, significantly activates the region of the 
intracalcarine cortex responsible for parafoveal and peripheral vision.  Furthermore, 
peripheral vision has been shown to predominantly activate the dorsal pathway, regions 
of which we also see in this contrast (Brewer et al., 2005).  Our data suggest that the 
luminance contrast in the Gesture paintings is dominant in parafoveal and peripheral 
vision while the color in the Gesture paintings is dominant in foveal vision. 
Other significantly active areas in the occipital and temporal lobe included the 
lingual gyrus, the left inferior LOC, the right middle temporal gyrus, and the left superior 
temporal gyrus.  The lingual gyrus has been implicated in the processing of surfaces and 
textures (Cavina-Pratesi et al., 2010; Puce et al., 1996).  It appears that the luminance 
contrast in the Gesture paintings, more than the color, create the impression of a 
continuous or textured surface due to the activation that spreads from the intracalcarine 
cortex into the lingual gyrus.  Perhaps the color in the paintings breaks up the surface too 
much for the subjects to view them as continuous surfaces.  The activation in the left 
inferior LOC in this contrast implies that subjects were able to perceive closed-contour 
forms and objects more through the luminance structure than the color structure in the 
paintings (Altmann et al., 2004; Kourtzi et al. 2003).  Also, our area of activation in the 
left inferior LOC overlaps with area LO that Mullen et al. (2007) show as preferring 
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achromatic stimuli over chromatic stimuli.  In the temporal lobe, there was significant 
activation in the right middle temporal gyrus and the left superior temporal gyrus.  The 
reason for these activations is unclear, but they have been implicated in form processing 
and are considered visual association areas.  They are connected to the primary visual 
cortex by way of U-shaped white matter tracts (Catani et al., 2003).  The luminance 
contrast in the Gesture paintings significantly activates areas implicated in the processing 
of surfaces, textures, and forms.  The color in the Gesture paintings does not do this. 
The desaturated Gesture > saturated Gesture contrast also showed significant 
activation in the bilateral precentral gyri, bilateral postcentral gyri, right dorsolateral 
prefrontal cortex (DLPFC), and right caudate.  The right precentral and postcentral gyri, 
right dorsolateral prefrontal cortex, and right caudate form a motor circuit (Figure 7).  
The activation in the right caudate is particularly strong with voxels that reach Z scores of 
4.9.  Strong activations within motor regions in this contrast are striking because subjects 
were not moving while in the scanner and this activation pattern was not seen in any of 
the other contrasts.  This activation pattern suggests that simply viewing the luminance 
contrast structure in these paintings generated motor-related activation.  The motor-
related activation could result from subjects’ active inhibition of motion or their 
imagination of motion while viewing these paintings.   
FMRI experiments have shown that the observation of motion activates the 
premotor and somatosensory cortex (Buccino et al., 2001).  Perhaps the construction of 
the Gesture paintings causes viewers to imagine the artist painting them.  Imagining 
motion could also activate the somatosensory cortex, which is seen in this contrast, as 
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well.  Because none of these regions were significantly active in any of the saturated > 
desaturated contrasts, it is clear that this activation pattern is connected to the visual 
effect of the luminance contrast in the Gesture paintings.  We believe that artists explore 
perception through painting.  The Gesture painters were particularly interested in the 
dynamic gesture.  They strove to put an “event” on the canvas rather than a picture.  
Their main focus was on the process, which is dynamic, rather than the final outcome, 
which is static.  It appears that the luminance structure within these paintings truly evokes 
a sense of movement in the viewer.  The Gesture painters most likely realized that color 
was not necessary to achieve their thematic goals because many of them did a significant 
amount of work with minimal to no color present.  Furthermore, the Gesture paintings 
that contain color also contain accompanying luminance contrast.  Perhaps the Gesture 
painters even perceived that painting without color allowed them to achieve a greater 
sense of movement than with color.  An abstract form of motion is present in these 
paintings, and we believe that the luminance structure is responsible for this effect of 
motion. 
 Lastly, there was activation in the bilateral superior parietal lobules and the right 
angular gyrus.  These regions are considered to be part of the dorsal pathway, which is 
regarded as having color sensitivity, not having color selectivity, and responding more 
strongly to stimuli with luminance contrast (Gregory, 1977; Conway, 2013; Thiele et al., 
2001).  The function of the superior parietal lobules is unclear, but they have been shown 
to be active in response to the observation of motion (Buccino, 2001).  The angular gyrus 
is a multimodal, association area that has been implicated in semantic meaning and 
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abstract thought (Seghier, 2013).  The function of the right angular gyrus (which was 
active in this contrast) is not well defined, but it has been implicated in the self-awareness 
of motion and first-person bodily perception (Blanke et al., 2002).  Additionally, the 
mental simulation and cognitive representation of motion has been shown to involve the 
parietal lobe, specifically the right angular gyrus (Jeannerod, 2001).  It is possible that the 
luminance structure of the paintings causes viewers to cognitively “put themselves in the 
painter’s shoes” and imagine physically making the brushstrokes they see in the images.  
The brushstrokes in these paintings are evidence of the motion of the artists’ arms and 
bodies.  Perhaps by wanting to leave their dynamic gestures on the canvas as signatures 
of themselves (Paul, 2004; Rosenberg, 1952), the Gesture painters cause viewers to 
mentally simulate the movements that would result in the brushstrokes in the paintings.  
The Gesture paintings appear to evoke an abstract sense of motion in the viewer based on 
the significant activation in motor, somatosensory, and multimodal areas. 
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CONCLUSION 
 
Our results show that there is a distinct difference in the neural processing of 
color between the Gesture and Color Field paintings and in the neural processing of color 
and luminance in the Gesture paintings.  As a group, the color in the abstract paintings, 
compared to the luminance, produces significant activation notably in V4, V4α, the 
hippocampus, the frontal medial cortex, and amygdala.  The use of color specifically in 
the Color Field paintings also produces significant activation in the amygdala.  This leads 
us to believe that the Color Field painters instinctively structured their paintings to 
maximize the aesthetic effect of color.  The significant activation in the amygdala in 
these two contrasts is (to our knowledge) the first fMRI data showing amygdalar 
activation in response to color.  The use of color in the Gesture paintings primarily 
activated the caudal-most region of the occipital poles that corresponds to foveal vision, 
V4, and the frontal medial cortex.  We believe the difference in the cortical pattern of 
activation between the color in the Gesture and Color Field paintings is rooted in the 
difference between the color-sensitive cell types in V1 – the double-opponent and single-
opponent cells.  The luminance structure, as compared to the color structure, of the 
Gesture paintings produces significant activation in many areas including a motor circuit 
that involves the right caudate, the right DLPFC, the right precentral gyrus, and the right 
postcentral gyrus.  The Gesture painters were interested in the motion of the dynamic 
gesture and in putting an event on the canvas.  It appears that an abstract sense of motion 
is present in these paintings that significantly activates motor-related brain regions.  By 
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exploring visual perception through painting, the Gesture painters and Color Field 
painters produced two genres of work processed differently by the brain. 
This study reinforces the idea that art – specifically paintings – can reveal new 
and interesting information about the workings of the human visual system.  Painters 
intentionally use color and luminance to create structures meant to visually communicate 
emotions, thoughts, and ideas.  Abstract paintings are particularly interesting stimuli 
because color and luminance are not used to represent scenes or objects.  Rather, color 
and luminance are used aesthetically in these paintings.  Using abstract paintings as 
stimuli, we found that color and luminance recruit completely different areas of the brain.  
Our data show that the aesthetic choices of an artist (such as the choice to use color or the 
choice of brushstroke style) are capable of significantly changing the neural 
representation of that artist’s work. 
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